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Abstract of JP20031 04792 

PROBLEM TO BE SOLVED: To provide a 
controlling method of doping concentration for 
semiconductor thin film crystal capable of controlling 
doping concentration widely and precisely in the 
case of growing semiconductor thin film crystal 
growing by LMBE method, and to provide a 
semiconductor device controlled in carrier 
concentration. SOLUTION: A semiconductor thin 
film crystal is grown on the semiconductor substrate 
3 by laser abrading the ZnO sintered compact 
mixed with a donor impurity Ga in a form of Ga2 
03 , and non doped ZnO single crystal by excimer 
laser light 8. By this method, smaller amount of 
doping concentration can be controlled than in the 
case of abrading only ZnO sintered compact. 
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I m^m 1 ] u - v^mx. t- + iy-m-cmr^^m 

c <!: ^^sii^ s^«^ia*SB^(D K - f> yiga 
[ 2 ] f«^« 1 icim(o4mimmm^ f - 

[ 3 ] iS*^ 1 SE /cW 2 {clBt!(©^#«:?illite 

mnm4: ] mmm i tims ©t>-rn*» i occte^g© 

SCD F - f > y?SSftllfflWS5^ fife. 
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accff^ctJ&iRFSSi-rs *««^w)ejss© f - 1 > ^ 

(ii*:S7 ] >; r^m^ 1 X 1 0 ' ' c m" ' ~ 
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fbsis) . zno m^mm) nci'*s*-5.. ^(om^-c 

fcZnOW. (ae^t£^x*-»l'=<^-*S6 0meVtffi8«) 

cn**0ffl^n(*iatllffl{b3nri,>.SGaN-?'Zn s 
e J: 9 feiS^ • ffi?BS^«;^!^c^367'>'^•-r :^?:3l^tH3ie 

[0 00 3 ] ±ieGaN> Z n S e*i<fcO'Z n OAjri'© 
20 *^^*(C*sWSMSfi!ES©^K«. CVD (Yb^Svffl 

lift) MBE mtit'*^$>i> 

S.'>VUXU— »f-CU--tfT7'U-->'3>L. ttttiSn'S 

1fli^) ft*5)A<fflt.^?.tl. #(C±iaZnO©*Se1.l£S 
Cc4BC^r« P L D 1- ^^■^rtr'tf ^ LM B E 

[0 00 4] LMBE-S«:J;5^Ji^ft*gH^^S(C*jC^-C 

^^^s©mafe^*$(l^aI•rs(c», F-^-oh^iW 

h^u— ffTyu-'>3>L/-C F-f>i^-r-5^ffi*5{B 

*/c> PLDS^LMBESf 
F <!:^SO/cM©ififig-rtl*t^?C(r>fca>. F— '^•> 

i{i6^7o^©^flna*Miai-r €. c 4 (c j: o f - f> i/?ga 

[0 00 5] 

[^??*i8?^LJ:^<!:-r€>^] L*>L,. ±teLMBE 

40 mxii. ms^it~¥-y v^<o7i<imimimsio. iat% 

-0. 5 a t%*^fl]®I©fEW"t?$)i3, CtlJ:«)ii>fi©^ 
«t)*ffl5e«:^*in-rsc<!:«Bltr*s. 0. lat% 
~0. 5 a t%»F-K'>i'?SS{CL/-Cl X 1 0 ' • c 

m" * ~ 1 X 1 0'' ° cm" ' tctg^L. <l©K-f> 

e.^S$ 4T.Sji;^®*iift:© F - b-> ^?(gg[J; 0 1 tirJW 

[0 00 6] s/c. ±Mmi^^-y-j F©f'pKxg(cte 

t^r. M*4©ifa«$^Mfi5EB#(c^$6tI*5igAb-?'Tt,>. # 
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[0015] ±tBj|SSJfJ!S8©i|i«^1|JSgJgB^© F- f> 

^»mmt±Mm^'dmwmnt^ i o©^nvu;^ u- 
i^^»nef*¥j!iftM*4. Si*^^<*M*4* u — tf r ^ u 

10 5Ci{cJ:«5, JSEtcU— »fT::''U-i'a V-T'S/c&tc 

teB^©^saE*^6fi«®)*^s^.^-rs©*F;5r^. F- 
f>i/?/is-^^^^iffl^©-rn^*D«: < 

[0 0 1 6 ] S/c. ±fail)SKf$^©*«flc|i)®teS© F 

20 {cJ:r>T|g^{cu-ifT^u-J^3>Lr'bJ:t>. 
[0017] — SlifeJfJ,|g©*«f*«l«*SB^© F - f> 

«^©JS*8©U'-ifr:/u-^'3>-c»ri,»-c. ^©s 

^|^^tt:JMf4i*BlfS©tl^-CU— tfT:/U-'>a 

[0018] ±iBjl*gJ^Si©*«l^)^S© F-f> 

^?SS*iJffli*-SK:j;n«, ±g3#^f*»)aM^a©#{4^ 

^®w*»sfc«f)©ifii^©m©^ti«ntc*jt,i-c. ;f 
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yrilS$iIiai*i*fCj;n«. m«Zn 0^ci'©7-C F^ 

{cijC^rtJ. F:^- • r^^zy'^ F-b->y?|[a©^s 

50 ms.m&-i3TAK.m.intciim^^nfi><ox. isstt^k* 
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[0026] ±ie«BK<D¥^»T»> ±§B+ 1 y Tffi 
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[0028] -mmmmi<D^f^m'f-i:si. iisK-fbsis 

[0029] -mmmmo^i^m^it. ±iimm»m 
m^^B<D F - f > yjse*ijw^rffi*ffli^-r±iB+ 1- y T 
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fcj:i3. ±iB++yT?ga*iitJI(Cf#SC<b*5r*S. 
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[0 032] (lliS0^1 ) HifeJi^!!!! iOr, nmz 

[ 0 0 3 3 ] 0 1 «:$:SSteJf^e| i (cisl^rmc^fcU— tf 
^ilSJ^ f ^ + ->«g©«*HS«fi£^-C* S , 
[0034] ±f B L M B E JIgr ». fil^A^gfcSpm W 40 

mti^s^ 1 © J:a5Ka«*;u ^ 2 *iieg 3 n. 

;l/^S?'2K:SS3*s@^$ti-CCi<S. ±taS«*;t'4<'2© 
±7^ «:ieS 3 n/cSSffll^ t - 5» 4 tc J: 0 jU 2 

©Sffi*^itt]fi5 n. ■e©i^e*(c«i: s« 3 *i*pr»3ti 

■5, 'g-©aS!^;u^^2iSTfc«®^)^cgg^^gi,>-C^- 

;l/5±«:«J^^-y-y F 6 *«SfBSffl*5. 

[0035] ALUWM^-'f -j F 6©*M«, 1 
©«'M«:iS:W6n/ct^*-;J<- F 7?r®U-CRSI'f5*T'5 
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[0 03 6] V7--:f)\'b{t.mmm^m 
K.mmr ■set *i ojti i -s, 

[0 03 7] S/c. ±fBSR;g^ 1 «C«. Oj 

tmc^ Nj :<fx4N2 7y*ji'as9{ctt*&-r-5/ces?)© 

Na :tf:^3IAlf 1 0 B*t9:Wt:(,».5o ^©Nj "yV^ijA^ 

[0 03 8] ±%mm<DLMBEmsim^^fcznom 

tc*iCir». s cMsr A 1 O4 mil6S*fi*fflt>/c. c 

©4#. ZnOMSRgS^rtf^fc«?>©ffi<i:L/-C. ZnO 
i^:)?[S]©tS^-:f^^*s|5i{)r/'h5l,» (0.09%) S 
cMgA 1 O4 mm^m^<D (000 1) ffl*ffl(,»/c, 
[0 03 9] »^«l«t:-^-ib-CNd : Y 

AGU— tf (ig^Sl 0 64nm) *fflt,v Sffijf-./l/i^- 

®3©^<*?rJ^-CC»nfSlL/ft:. *Ur. ISSfiRSf tci* 
^i/x*. O2 ^^/x^A-gl 0AJ:»3E;^l X i 0 
- * To r r iift-SJc^tCfiXgSlrttc^AO/Co 
[ 0 0 4 0 ] */c. :tmmmm 1 «:*jC»r». 

jnsf*¥^ttM*sf©-ti^<t uroz n omi^i^ m&9 

9. 9 9%) ?rJli|54^"y2' hiUrffll^-Siitfc, e 

immi^mm<o-mt u-c©^ > f-^z n o^i^B^ 
mm.99. 9999%) ^mm'--y-:> b tLxm(>^ 

2 o, <DBTO. 5 a t%^Jn$nfcfe©-eS)-s. c© 

ti^, ifBZnOSfeSWJ. ^«!Bl7c3R©-t^<i: UT© 

Ga*^t?-fb^!B)©— ^Ji Lr©Ga2 O3 i. S^© 
— Fil<!:Or©Z nOi^^WL/rt,i-5, Sft:, y>F- 
T-Z n 0#itta (ttSG 9 . 9 9 9 9%) B*f»^fiKffi 
fC<fcD{^M$nfcrfjflg©4>©-e*€.„ ±fBZnO 

itea*#ieai5»— FiipKL-C. Z n 0«lte«:<!: ^ > 

[0 04 1 ] ±fBU--yr-7'b-i^3 >*tf ^/NVbXU 
!fCC«K r Fx+i/-7U— tf (jgg:24 8nm. ^ 
iSgSt: lOHz. Ih:fj0. 9mJ/cm» ) *fflC»/c. 

:/u-i^3>C/c. 

[0 04 2] 02 (a) . ( b ) *3liSJKji8 1 ©M 
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[0 04 3] **r. m2 (a) CC^-rJ:^CC, ±ia#*£ 

MMfigtcfiiS^ifSo ^-ur. 02 (b) k:7n-r<J:^ 

9>'^v^>^r&f3. JKM*^-^'^^ hicJt-r-SU— tfr:/ 
[0044] HStC. r:/U-S^a>J:b<5:. SIMS 
iJ^rSaiCDM^^^To CCr. ±iBT:/U'->' 3 >J:t 

>Urf#6n^^^ft^B^iC*5&:f^Ga?gg-C^^o s 

[0 04 5] 04 (a) ±iB«^<*^-^^:; h<fc# 

Se^^-y vh^l : 2 0CDi:[:*r5^S^cb-1fr:/^ 
->'3>LT^#/c^*4 (Ga K-f>^iia=2x 1 0 
* cm" M tcot^r. S I MS-CS'J^L/cGaJiSS 
(HsBSrS^-T) ^^ZJ^Al^ {}^M^^^~r) (Dr'y':^ 

(b) «:«Jt®«?iliLr. ii^T>^u-i^3>tcj:o'C 

*Smccocir4>*L/Co 04 (b) cc*>c>r4>. iS#4c> 

t>€>. 04 (a) i04 (b) t^i:mri>t. imr 
>3>cDi:b^Cc:*fjc£;(^rA l ^jM^^tSSj&^iSd-^L 

[0 04 6] ^mmnm i (oz n o^aag^s. k r f 

x^>>vU-1f 1/nVI/X^DO. lAr^o/Co ZnO 
>l:b;&54 9 tyrr^nj^. Z n Omfi^^-H^OC^iG a 
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[0047] S/c. Ga2 O3 <h Z n 0<i:^W"rSZ n 

[0 04 8] im^mmz) ^mmmm2(rc:isi.>xitt. 
10 ^-y-j h7"-:/;U5^@^L. m^w^-^v htm 

if^cJ:or u-ifT:/ 1^-1^3 > L/C. c<Dt^. _bia 

U-i^ 3 h^i. S®SP*3r'JK/i[^?ij-?>Ga F-" 

fc:•> i; /^l^ J: ^ teas $ -tt 

[0 04 9] 05 (a) . <b) (c. :^mmmm2<Dm 

[0 05 0] 05 (a) tC^-r^ii^tC. ±i2#M 

20 Xtf^c -eur. ^c^K r Fx + s^vu-lfi^grjCDK 
r Fx+^^vu-if^fflc^r. 05 (b) (tC^TJ:^ 

[0 05 1 ] CCOJc^iC. ±ia«g^f*^-^^> h<b#*S 
^cjcoT u-ifr^u->-3>-r'Scicc<i«D. 

30 ltmmr^$>i>. rj:is. 2|s:JQtJf^S2(DU--1fr:/b- 

htC*50:f^U-1fTyu-t^3> 

[0 05 2] 06^C. :$^j!feff$^.2CCJ:oTf^ML/cZ 
nOmmcr){,^X. T>^U->'3>J:l:<b, SIMSffl'J^ 
tCct^Ga K-b">^^?fiS<i:<7)M^«:S^"ro >5:*5. 06 
^(D^ftt. ^mmmm2(DZ n O^JS^C:feC:f ^±fBM 

40 1 cc*5c^rii5Tr^u-i^3>tcj:0f^iSL/cZ now 

[0 05 3] 06;^^6^3^'S<fc^CC. :$:||J5teff^^, 2 CD Z n 
OffM^c*5lirr:/U-V3>l:biGa K-f>^tSS 
iiJJ®?gCCJSJ:b««l<DKH^CC*^o ±ie«Sg?l^.® 1 
r:/u-^'3>r5^^-y^;; hf'-:/;U5 ^lHllK.|gttT 
SfelCCZ n OC0B^^*5*ac 0 G a;&5^Sj5|$nrc^6 i 
^j^en-SJ^^. *j|]!fi?gSg2'C«^-y«^ h7^->^;l.5 
«D[ill3lgtt:^5:^S/j:^Dr. iSSfJ (ZnO) OS^^^??^ 
Jic 6*rr>^U-i^ 3 VibiG a tr>t5^?igSch<Z)g 

50 ^b^^J^^-^tcjifjt^L/cfecoi^^en'So ftufy^. * 
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[0 0 5 4] &*J. 3is*6S}K!!g2{C. g^JiJSgl <D^r- 
yf h7^-:/JU5cD|5|^8!l?:SfflLr, Mil*jJ:i>'G 

[0055] (mmmms ) 2|s:^]5fej^sg3 (c*jt,»-c». 

f; ^ _ . 7 >7 42 y-^mf^ K - f > Z n O 

[0 0 56] Ti'i2:/^f:^iNee5<»:/j:S^ (N) it. =7 

**';^CD:9-JE«3x 1 0" * To r r tLtc, 

[0 0 57] 07 CC. pM{£^^^kL//cZ nO^MCCo 

H«^*^-r, 07K:». J:htS?WltLr> Ga, O 

3 mttI«*iiML-C{'PMLfca^©J^Mf*^-er'-^ h© 

^©.■^J^-Cin^tl-CtiSo 

[0 05 8] :^cjlSte0ge3-C«. jggtei*^?-^-;' hi* 

? h<»:4l5l^K:U-1fr:7'U-i'3>-r-5. 
cncCcfcO. ^-C©Ga F-f>i^i(gg®Hfc*jl^TN 
K - f > G a h- - f > ifmm.(D 2\^ttj::^^^ 

«. N K - f> if\m.ifiG a K - f> i'JglK© 2 {§J^<± 
■CpMe^i^ct). N F-f>i/j«a<!:Ga K-b->i/ 

[0059] :^mS&Bm3 {C*5Cir«. W&^ii-tf'j 

F:f-?iSS(3:Ga?Sa«:nlil?L< ;^t?.o fifo 
■C, r:/U-i^3>J:tK<t-o-CGa K - f> d/tga**'J 
iSPfSi^^tc. Ga©?gS(C?l*L'T2{S©?igSrN?r^ 
»D-rn«. K:^- • ri'-fey^|Hl^K-f>i/CCj:Sp 

I ^^^?SS©#&«?5am*W L t, ^/cto. K :f -?fflS« 
GafjSSiA USe<i:®fn«:s?u<J5:S. S£oT. Ga 

t•>^rm©2^s«±N^m^]DTSi£'S*5^. ^3 , * 
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m^^ii-fv \-mic^rj:^tc!fy. r®e*i<t^cSF- 
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-?iiS©-rn«. Ft^-'Ti'Hz^'^Jl^SSf F-b->i'© 
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[0 06 2] ±ia^{b»a.3^¥^<*P n^^^^ 1 4 

^^tffi$S.^^|i»^/l©-F!liL-C©Ga F-^-'nM 
Z n OJg 1 2 i, K{tffii8?fi#J!Si*»©-Mi LTO. 
Ga F-^'nMZnOHl 2±{c:jf$f!R^n/cGa. NIH 
^F-7WZnOJll 3<b=&«^-Ct»-5). ilBGa F 
20 -:/nS?ZnOBl 2«SI*6j^Sg2©:*rffi-Cf^SnS 
Ga. N|nlS!FF-:7"p®ZnO® 1 3«**)ftJ^ 
.^3©F:^-- • T4'-b:/3'l5lBSF-f>i^ffi-Cf'Pi!Sn 
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tbtSJ^HiLr. ZnO^fflt^rm— ^-y-;; F©iiMT 
T/U-VsXCjc-^-Cf^liU/c^i^tt^pnS^jgT (n 
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fca^r, #J1© F-f>i^?^?:ffi<tij®tH*SiJt 
«c. ij^B^ttAiM^^JGa F-7'nSZnO® 1 2«:*Jt^ 

■C+ + >; rifimm^-ri,j: ^ f- b-> ^^ras^fc^uiipai* 

[0 066] C © J: ^ {C. ±fe^{tSiSIF.^^«: P n 

1 4 « F - b-> ifiSi&i>mm$ ti-cmms^mm 

50 *f#-Ct»«,©-C. *3J|flcffl[|^a©F-b->i/jfiK$lJfflI 



u 

^imic z n o icmw 5 ti ^^Mmm^^ytmj-^. m 

[0 06 7 ] :*je5fejf5g83-f», Nr^-i2:f^mtLX 

So 

[0068] ;*:^Bj©i»i^<*»JSeS© F-b-> 

nMgrO^ZnCdO^C<!:CD!g^^0f!RL/-C4)> 

iS3F.^f^«{*pnS^^T-«> ZnMgO-^'ZnCdOJ^j: 
<b'CDJlS*> 6 J& SB % W L r J: I, ^ 
[0 069] *^B^(c^^SJIJfe0SS«. ±iBSIJS?g)!8 1 

[0 07 0] LMBEffiK:teWSrr?'U-i^3>JP(sf 

[0 0 7 1 ] »SttIf^iS(COt,»rfe, NdiYAGU-- 

[007 2] !fiaeas«:o(,»rfe> K 

[0 073] ±smmc:>mm i ~ 3 -c^, :$:mM<D^m 

[0 074] 

[^H^©5am] iJ(± J: *) mibti^rj: J; ^5 sc. 2|s:^h^©^® 

f*ii^s© F - f > ifmm.mm:frmit, i^mmTiM s 

^<*)^©**r:?'U-'>3>0fc»^i:»3*>^«ct,>F 40 
- f > i^rSS^MiSi-r S c i . K - f> 

[0 07 5] ±su— tfr:/^-t'3>■cfl^fiSf 
[0076] ±iB:i^*fi!BJ8S»nW**«»Jl!fsfie 
©T. :T^Mie»^J0«©S)5c5^Jt5:©®Ettd»-'y5. him 50 
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[007 7] -mmmm(Oii^m{^mmm^<D f- f>y 

m&ititiX. F- f> i'iftK-¥>«RR7cmfflfiX©^n*! 
^GS©Ei5<-£:i*sW3ft.5, 

[0078] -*]!(6}^SI©¥ji«c»fii*SS© F- f > ^ 

±ia¥^»^*«)Sfe^©*fic:^^^ll;l^ 
[007 9] -mMmm(D^mi^mmmFm<D f- h-> 

?Se*I||SI*fife». ±iBe#*iZnOr4)S3!p?.. F-f 
[0 08 0] -»feffjei©iti*^«l®^^© h--ii>{/ 

ism.mm:Bmf,t. ±iE^m f - b-> f • r 
•fe^dJi^^F-f^i'ffir^so-c, mmmmx'i&m. 

[008 1 ] -||*feJfJ!lg©*aH<*«ISig^© F-f>d^ 

U-'>a>i?:3SSfCtf F-.'O F©#»?33!l* 

[ 0 0 8 2 ] */c. 2|s:ffeBJ©*«ttfK^^». ';T!g 
X 1 0 ' ' c m- ^ ~ 1 X 1 0 " " c m- ' ©ffi 

H-csij® s nrc » s K{ bsis^^^ftji ^ « ^-c c > -5. © 

Wl^ Z n O i -r SMa®^i^^7^T■ 

[0 08 3] -Wfeff$.^©^^»^-7^B, ±IB*^^« 
I^S© F-f^^'TSSftlJiiU^ffi^^t^rK^tMifil^* 

^Ji©+i'';r?&s*Jf#6nTi>s©-c. ^©mffi 

lfi5^^ftll(C*JC^-C 1X10' 'cm- '—1X10 
* • cm- ' ©ffiH©^-*' 'JrSBS^rfiBltCffSCiAs 

[Sffi©®^SClJiBJ] 

[HI] *^B^©iijgfl5gi 1 (Dmmimmi^^B<D f - 

b-> i^rSasUiSP:??)* fc^-r S u -if f $ + 
-^a©«lBS«fiRS-C*-5, 
[S 2 ] ±iBII)56?^!li 1 {c*jl:t }r>^ 

[03] ±tB3l)^}^SSHC*5WST:?'U-^'3>J:b<b 
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[04] ±^^mmmmi(^c:^i>xs iMs^cj:f:)Sjj^ 

[06] ±IBI|]56B«82 ^cm^i>TZf\y- U 3 >J:k<J: 
Omm<OGa K-t:->^ififfi<tNK-fc'>^7gffi<h(DK 

ftp nm^m^(ommwimmx$>^. 
c s 9 ] ±f BB^{ fc^isig^f* p n m^m'T-ommm 
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